An experiment was conducted for evaluation of proximate composition of 25 pigeon pea genotypes (Cajanus cajan L.)"differing in colour. The analysis revealed significant differences in the content of moisture (7.04-12.09%); crude protein (17.62-25.45%); crude fat (1.41-2.93%); carbohydrate, (49.68-60.48) and ash (3.05-5.00%). Limiting amino acids viz tryptophan and methionine were ranged from 0.56-1.03 and 0.70-1.16 g/16g N respectively. The genotype PT-012-16 was found to be high in protein (25.45%), whereas the genotype PT-04-391 recorded the highest fat (2.93%). The higher tryptophan was observed in genotype PT-012-26 (1.03 g/16g N) whereas highest methionine content was recorded in PT-012-6 (1.16 g/16g N). All genotypes under study were found to be deficient in both the limiting amino acids tryptophan and methionine when compared with the WHO/FAO reference standard. This study revealed that the genotypes PT-012-9, PT-012-16 and PT-012-23 were found to be promising for future breeding programme for nutritional quality improvement.
INTRODUCTION
More than half of India's population is vegetarian uses pulses to fulfill their dietary protein requirements. The pulse proteins are relatively cheaper and good source of B vitamins and minerals. Besides their high nutritional value, pulses have unique characteristics of maintaining and restoring soil fertility through biological nitrogen fixation. Protein energy malnutrition in India is associated with poverty, poor nutritional knowledge, uncertainty in the prices. In view of this it is necessary to develop high protein, higher limiting amino acid low antinutrients and content through breeding programme (Saxena et al., 2010) .
Pigeon pea is the major pulse followed by chickpea grown in India and valuable multi-purpose grain legume crop which is extensively grown in arid and semiarid tropics. It is mainly consumed in the form of dhal and rarely as green pods for preparation of several recepies. It is good source of carbohydrates, crude fibre, minerals and certain B group vitamins. Pulses contain 20-25 per cent protein in their dry seeds which is almost 2.5 to 3.0 times the value normally present in cereals. Thus, it ensures nutritional security to poor masses of the country (Chaturvedi and Ali, 2002) . Green pigeon pea seeds contain 10 times more fat, 5 times more vitamin 'A' and 3 times more vitamin 'C' than matured dry seed. The composition of dry seeds of pigeon pea revealed: crude protein 19-23%; starch 45-55%; soluble sugars 3-5%; fat 1-2%; crude fibre 1-5%; ash 3-4; lysine, 1.2-1.4 g/ 16g N; methionine, 0.1-0.3 g/16g N and cysteine, 0.3-0.5 g/ 16g N ( Lawn and Troedson,1990) .
A study of protein content of pulses has shown that white seeded variety has the highest percentage of protein (25 %); whereas the bold seeded have 20 to 21 per cent and the brown seeded with 16 to 17.5 per cent (Sethi and Chatterjee, 1997) . The amino acid composition of legume protein has been widely examined and it has been reported that legume proteins are mainly deficient in sulphur containing amino acids, methionine and tryptophan but are rich in lysine which is relatively deficient in cereals (Chavan et al.1989) . Among the cultivated pulses, pigeon pea proteins have relatively better for amino acid composition (Nene et al.1990 ). In general, legume proteins exhibit a wide range of variation in their essential amino acid composition.
Polyphenol have been recognized as one of the antinutritional factors in legumes. High level of polyphenol in diet has been reported to cause fatty liver in chicks, decrease in blood hemoglobin in rats and death in weaning rats. A prolonged consumption of such compounds has been implicated in the occurrence of esophageal cancer (Glick and Joslyn, 1970; Morton, 1970) . Phenolic compounds decrease the digestibility of proteins, carbohydrates and the availability of vitamins and minerals. They also lower the activity of digestive enzymes such as trypsin, chymotrypsin (Saxena et al., 2010) . Polyphenols in grain legumes are mostly present in seed coats with low or negligible amount in cotyledons. They are particularly high in grain with coloured seed coats. Presence of polyphenols was reported in chickpea and black gram,red gram ,pigeonpea, green gram, cowpea (Ma and Bliss, 1978 , Kachare et al., 1988 , Jood et al.,1996 . With an objective to generate nutritional database for improving the nutritional quality through breeding programme at All India Co-ordinated Pulse Improvement Project,MPKV,Rahuri,India An investigation on evaluation of the pigeon pea (Cajanus cajan L.)" germplasm for proximate composition differing in colour was undertaken.
MATERIAL AND METHODS
Seeds of 25 pigeon pea genotypes differing in their colour (PT-012-9, PT-012-19, PT-012-1, PT-12-11, PT-012-23, PT-04-31, PT-04-273, PT-04-391, PT-012-3, PT-012-16, PT-04-216, PT-04-382, PT-04-146-12, PT-309,PT-012-20,PT-012-28, PT-03-129-2,PT-10-3-1, PT-012-6,PT-012-12, PT-012-25,PT-012-26, PT-04-175, PT-04-146-1-2, PT-04-36-1) were obtained from Principal Scientist, Pulses Improvement Project, M.P.K.V., Rahuri. Clean and dried seeds (10 g) were powdered in a grinding mill and passed through 60-mesh sieve. A portion of the powdered material was used for the estimation of moisture, ash, crude fat and the defatted meal was used for the estimation of crude protein, carbohydrates, crude fibre and limiting amino acids tryptophan, methionine and polyphenol.
Crude protein: Protein content was determined by Microkjeldahl's method (A.O.A.C, 1990) by using 200 mg of powdered defatted sample. The percentage of nitrogen content was calculated from the quantity of standard hydrochloric acid required for titration of the sample. The protein content was calculated by multiplying the nitrogen content by a factor 6.25
Weight of sample (g) x Volume taken
Where, S = ml of HCl required for sample titration, B = ml of HCl required for blank N= Normality of HCl (0.02 N), Crude protein = % N X 6.25.
Crude fat: The crude fat content was determined by Soxhlet method. The difference in initial and final weight of flask was used to calculate the crude fat content of the sample.
Ash and total carbohydrate:
The method for ash content was followed from A. O.A.C.(1990) . Five gram of the powdered sample was accurately weighed into a pre-weighed silica crucible. It was then ignited in muffle furnace at 55º C for 5hrs until light grey ash resulted. After cooling in the desiccator at room temperature, crucible was weighed. The weight of non volatile inorganic material was recorded as a measure of ash content. Total carbohydrate content was calculated by subtracting the total of moisture, crude protein, crude fiber, crude fat and ash from hundred.
Limiting amino acids:
Methionine was estimated by the method described by Mc Carthy and Paille (1959) . Two grams of defatted sample autoclaved with 25 ml of 2N HCl at 15 lbs pressure for one hour. The hydrolysate was treated with a pinch of activated charcoal to get rid of color, heated to boiling and filtered. The charcoal was washed 3 to 4 times with hot water quickly and washings were collected. The color free extract was neutralized with 10N NaOH to bring the pH to about 6.5. The volume was made to 100 ml. For colour development extract of 50 ml in duplicate were taken in 250 ml conical flask and 6 ml of 10 per cent NaOH was added. This was followed by addition of 0.3 ml of sodium nitroprusside and the contents were mixed and kept for 10 min with occasional shaking. After 10 min, 2 ml of glycine was added, shaken well and allowed to stand for 10 min. After 10 minutes, 4 ml concentrated ortho-phosphoric acid was added. The contents in the volumetric flasks were shaken vigorously and colour intensities were measured after 10 min on spectronic-20 at 540 nm. The methionine content in sample was calculated from standard curve and expressed as g/100 g of meal and g/16 g N.
Tryptophan was determined by the colorimetric method as described by Spice and Chambers (1949) . Ground defatted sample (40 mg) was taken in 50 ml conical flask in triplicate and 30 mg of p-dimethyl amino-benzaldehyde were added to each flask. The third flask in each sample was used for blank. Then, 10 ml of 19 N H2S04 were added to each flask. After keeping the flasks in dark for 20 hours at 30°C, 0.1 ml of NaN02 was added to each flask except in blank, shaken gently and kept in dark for 30 min. for colour development. The contents were filtered through glass wool and the color intensities were read at 600 nm on spectronic-20, after making the volume to 50 ml. The standard tryptophan solution (0 to 120 µg) was taken in test tubes in triplicate. The volume was made to 0.6 ml by adding distilled water. Then 9.4 ml of 20.4 N sulphuric acid was added to each flask in order to make the final strength of the acid as 19 N. The p-dimethyl amino benzaldehyde (30 mg) was then added to each flask and the flasks were kept in dark for 20 hr. at 30°C. Rest of the procedure was same as described for samples. The tryptophan content in samples was determined from the standard curve after making the necessary corrections for the blank values of each sample. Tryptophan was expressed as g/100 g of sample and as g/16 g N.
Polyphenol content: The polyphenol were determined by Folin-Denis reagent as described by Swain and Hills (1959) . 0.5 g of 60-mesh powdered sample was weighed and transferred to 250 ml conical flask and 75 ml of distilled water was added. The content was boiled gently for 30 min on a water bath and centrifuged at 5000 rpm for 20 min. The procedure was repeated two more times for complete extractions. Supernatant was pooled in 100 ml volumetric flask and final volume was made 100 ml with distilled water. The aliquot was then used for color development. Diluted supernatant (1 ml) was mixed with 0.5 ml of Folin-Denis reagent followed by 1 ml alkaline reagent and mixed. The final volume was made to 10 ml with water and the absorbance was recorded at 725 nm after 30 min on Spectronic-20.Polyphenol content was estimated from the standard curve of tannic acid. The data was analyzed by using FCRD as per Panse and Sukhatme (1985) .
RESULTS AND DISCUSSION
Moisture: The moisture content in the seeds of pigeonpea genotypes ranged from 7.04-12.09 per cent (Table 1) . Among these genotypes the highest moisture content (12.09) was recorded in PT-012-28 genotype and lowest (7.04 per cent) was recorded in PT-012-16. Earlier researchers have reported the moisture content in the grain of pigeon pea genotypes in the range of 5.2-13.5 per cent (Oshodi et al.,1993; Macrae et al.,1993; Pawar et al., 2009 Crude fat content in the seeds of pigeon pea genotypes ranged from 1.41 -2.93 per cent with mean of 2.14 ( Table 1) . Among these all genotypes, PT-04-391 recorded highest (2.93) crude fat followed by the genotype PT-012-3 (2.86). The reported values for crude fat content in the seeds of pigeon pea are in the range of 0.92-3.1 per cent.
The data obtained during this investigation in respect of crude protein, crude fat and crude fiber are in conformity with these reports (Pawar et al.2009 : Oke,2014 Aparna, 2004 and Vasave,2003 The ash content in the seeds of pigeon pea genotypes ranged from 3.05-5.00 per cent with a mean of 4.11 per cent (Table 1) . Among all genotypes, PG-012-1 contained maximum (5.00) ash followed by and .
Carbohydrate and ash contents in the seeds of various pigeon pea genotypes reported earlier ranged from 51.70-62.63 per cent and 2.8 to 5.8 per cent respectively (Aparna, 2004; Pawar et al., 2009 : Oke, 2014 .
Limiting amino acids:
Methionine and tryptophan are the limiting amino acids in most of the grain legumes including pigeon pea. The methionine content ranged from 0.700-1.155 g/16gN with a mean of 0.89 g16gN ( Table 2 ). The highest (1.16) methionine was present in the genotype PT-012-6 followed by PT-04-175 (1.15) and PT-04-146-1-2 (1.13) as compared to other genotypes. The reported values of methionine content in the grains of pigeon pea genotypes ranged from 0.730-1.220 (Gautam et al., 1990; Vasave, 2003 and Aparna, 2004) . However, methionine and cysteine contents as recommended by FAO (2010) should be 3.48g/ 16gN and hence all genotypes were found to be deficit in these amino acids.
The tryptophan content in the seeds of pigeon pea genotypes ranged from 0.556-1.027 g/16gN (Table 3 ). The results revealed that comparatively higher tryptophan content of 1.03 was observed in the seeds of PT-012-26 and the lower of 0.56 was observed in the seeds of PT-012-9 genotype, respectively. All genotypes were found to be low in this amino acid when compared with FAO standard values. The values of tryptophan content ranged from 0.570-2.070 g/16 g N (Aparna,2004; Pawar et al., 2009; Oke,2014) .
Polyphenol:
The polyphenol content in the seeds of pigeon pea genotypes ranged from 112.49-187.84 mg 100 g-1 (Table  2 ). The results revealed that comparatively higher polyphenol content of 187.84 was observed in seeds of PT-04-382 genotype followed by and .The lowest in seeds of PT-04-146-1-2(112.49) followed by PT-04-36-1 (113.13) in light coloured genotypes. The polyphenol content reported to be ranged from 0.55-1.07 per cent in sward bean (Pugalenthi et. al., 2005) , from 0.5-1.1 per cent in cowpea (Kachare et. al. 1988) and from 0.3 to 1.83 per cent in pigeon pea (Saxena et al., 2010) .
CONCLUSION
Variation in proximate composition would imply that the variety, stage of maturity, weather conditions might have affected the physiochemical parameters of this crop. From the above results, it is revealed that the genotypes PT-012-9, PT-012-16 and PT-012-23 were found to be promising as they recorded maximum values of nutritional composition and lower levels of antinutrients. Analysis of nutritional composition of pigeon pea could be valuable for future breeding programme for nutritional quality improvement. None of the genotypes were found adequate amount of limiting amino acids viz.,tryptophan and methionine as per the recommendation of FAO/WHO.
